The increasing frequency of early breast cancer cases has driven an increasing number of patients to choose immediate reconstruction with an autologous flap. Omentum-flap-based breast reconstruction is a unique strategy that is highly suitable for repairing moderate tissue defects. However, all available evidence comes from individual reports with small numbers of cases, and the overall effectiveness and safety of the procedure have yet to be reported. Here, we reported 7 cases of laparoscopically harvested omental free flap breast reconstruction and performed a systematic review to assess the applicability and safety of this approach. The data were gathered from MEDLINE, Ovid, Google Scholar and the China Knowledge Resource Integrated Database. In total, we combined 15 articles (410 cases) for analysis. The data revealed that almost all patients (87.6%) were reported to have undergone laparoscopy instead of laparotomy; pedicle flaps were used in 90.9% of the cases, while only 5 (37 cases) used free flaps for reconstruction; and 96.6% (396/410) of all reconstruction procedures were immediate. Almost all of these cases had a small tumour burden (T0/Tis/T1 59.8%; T2 36.8%), and the distribution of tumour location was similar among the four quadrants. The cosmetic outcomes were desirable in most cases (83.9%). There were 41 complications identified in the dataset: partial graft necrosis accounted for the largest percentage (41.5%) of all events, followed by skin necrosis (19.5%), haematoma (12.2%) and wound infection (9.8%). During the follow-up period, which had a short median duration, 2 cases of tumour recurrence were reported. Overall, our systematic review found that omentum-flap-based breast reconstruction could achieve a satisfactory aesthetic outcome, especially for small breasts and tissue replacement after breast-conserving surgery, and the safety of the procedure was also acceptable.
Introduction
The proportion of breast cancer cases detected in the early stages is increasing with the use of regular screening, and efforts to perform immediate breast reconstruction have become more common owing to the trend of less invasive surgery, such as breast-conserving surgery (BCS), nipple-sparing mastectomy and skin-sparing mastectomy [1] . Currently, immediate breast reconstruction can be achieved by use of various alloplastic or autologous materials. Autologous tissue reconstruction, in
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International Publisher addition to being cost effective, can achieve a much more natural cosmetic result than the use of alloplastic materials because of the softness, warmth, and natural drop of the tissue; furthermore, autologous tissue is more durable against irradiation [2] .
Currently, the most popular autologous flaps for breast reconstruction are latissimus dorsi (LD) and abdominal flaps, such as transverse rectus abdominis myocutaneous (TRAM) and deep inferior epigastric perforator (DIEP) flaps. However, there is still notable morbidity and deformity observed at the donor site, such as long scars, seroma and abdominal hernia risk.
The use of the omental flap is a unique technique that was first described in the 1880s for abdominal reconstruction [3] . The first report of breast reconstruction using the omental flap was in 1963 [4] . This technique did not initially achieve popularity because of the severe laparotomy-associated complications that sometimes occurred. In 1998, however, Costa reported the performance of breast reconstruction with a laparoscopically harvested omental flap [5] , and the advancement of laparoscopic techniques remarkably decreased the morbidity of the donor site. Although there have been increasing reports of this technique in the past two decades, almost all of them were single-centre case reports containing limited data and using pedicle omental flaps. In 2015, we shared our experience with 24 cases (pedicle omental flap) [6] . In the present study, we report another 7 cases of breast reconstruction with free omental flaps and perform the first systematic review of this technique in breast reconstruction.
Materials and methods

Patients and indication
Between 2016 and 2017, 7 patients underwent laparoscopically harvested omental free flap (LHOFF) breast reconstruction at Zhejiang Provincial People's Hospital, China. The indications for the 6 cases of BCS and 1 case of total breast reconstruction were delayed reconstruction with autologous tissue, considering that there was insufficient material for an abdominal flap.
Surgical technique
The process of omentum volume prediction and BCS was the same as previously reported [6] . The omentum was harvested laparoscopically by an experienced surgeon (Fig.S1A) . The patients were placed in the supine position, and 3 trocars were inserted into the abdominal wall. The omentum was dissected in an avascular plane from the splenic flexure to the hepatic flexure of the colon. The left gastroepiploic artery and vein (GEAV) were carefully identified and dissected from the spleen. The right GEAV were also dissected cautiously and prepared for anastomosis. Next, the omentum was extracted through the trocar incision under the umbilicus and protected with a saline-soaked swab. Meanwhile, the other members of the surgical team prepared the ipsilateral thoracic dorsal artery and vein as the donor vessels. The gastroepiploic artery was anastomosed to the thoracic dorsal artery in an end-to-end fashion, and the accompanying vein was anastomosed using a flow coupler device (Synovis Micro Companies, USA, Fig. S1B ). Next, the omental flap was clipped and shaped to the breast tissue defect for reconstruction.
Postoperative evaluation
The cosmetic evaluation system proposed by Kroll [7] was adopted. The cosmetic outcome was classified into four grades (excellent, good, fair, and poor) according to the four-category Harvard scale [8] . The surgeon and patients assessed the cosmetic outcome independently. Furthermore, the operating time, the length of hospitalization in days and any complications were all recorded. Moreover, irradiation was performed according to the National Comprehensive Cancer Network guidelines after surgery.
Search strategy
The literature search was performed by two reviewers independently with the MEDLINE, Ovid (including Embase 1974-2017) and Google Scholar databases and the China Knowledge Resource Integrated Database through November 2017. The key words applied were as follows: omentum, omental, reconstruction and breast. These search terms were adapted to the proper syntax for each database. The included manuscripts were restricted to the English and Chinese languages, and the titles and abstracts of publications identified by the search were examined manually to exclude reviews, letters and articles on topics not relevant to this study.
Eligibility criteria
Since we aimed to comprehensively summarize the published papers focusing on breast reconstruction for cosmetic purposes, cases involving the reconstruction of chest wall defects induced by trauma, surgical complications or irradiation were not included in this report. Both case reports and retrospective studies were accepted in this study. Articles with potential duplicate data were carefully analysed, and we included only the paper with the largest sample size. Articles without original data were also considered ineligible.
Data extraction
All data were independently extracted by two reviewers according to a standardized method. For each study, the following information was extracted: author's name, publication year, number of patients, type of study, pathological result, tumour location (for BCS), tumour stage, axillary lymph node dissection (ALND), postoperative irradiation, breast surgery and reconstruction strategy, omentum harvest technique, omental flap type, cosmetic results, complications, patient complaints, hospital stay time, follow-up time and prognosis.
Assessment of study quality
The quality of all included publications was assessed by two independent reviewers according to the Grading of Recommendations Assessment, Development and Evaluation (GRADE) criteria. Studies with Newcastle-Ottawa Scale (NOS) scores above 6 were identified as high-quality studies, and disagreements were resolved by joint discussion.
Statistical analysis
The data for each measured variable were analysed. However, statistical meta-analysis could not be performed because of the low quality and great heterogeneity of the included studies.
Results
Case report
The patient characteristics are summarized in Table 1 . All patients were diagnosed with breast cancer (6 cases of invasive ductal carcinoma and 1 case of ductal carcinoma in situ). Five patients underwent BCS with ALND and received immediate breast reconstruction with LHOFF; one patient underwent skin-sparing quadrantectomy and SLNB, followed by reconstruction with LHOFF. One patient had undergone mastectomy three years prior, and so we expanded the skin with an expander first and then replaced it with a free omental flap. The mean follow-up time was 9 months (3-13 months).
As shown in Table 1 , the mean operation time was 311 min (270-370 min), and the average time for omentum harvest was 81 min (65-100 min). All excision margins were confirmed as negative. One patient presented with a wound infection one month after surgery. A bacterial culture revealed that the infectious agent was Staphylococcus lugdunensis, and part of the flap was lost with debridement. With the sole exception of this case, all cases were free of postoperative complications in the abdomen and breast. None of these patients felt pain, a dragging sensation or epigastric discomfort, and the wound at the donor site was minimal. Additionally, adjuvant irradiation was performed in all patients with BCS, and the shape of the breast was not affected. Neither local nor systemic recurrence has been found in any of the patients to date.
The aesthetic assessment by surgeons was excellent in 4 patients, good in 2 patients, and fair in 1 patient because of the loss of the partial flap. Aside from the patient who suffered from partial flap loss, the other 6 patients were all satisfied with the cosmetic results (Table S2) .
Search results
In the initial search phase, we identified 108 publications ( Figure 1 ). Thereafter, we manually checked all the publications by reading the abstract and full text, and we excluded 71 articles because they focused entirely on breast reconstruction. Eight articles were reviews or comments, 12 were missing the full text or original data, and 3 had duplicate datasets. The remaining 14 articles included 403 patients, and the 7 cases reported here were added for further systematic review (Table 2) . Among the 14 published articles, there were 6 case reports [3, [9] [10] [11] [12] [13] , 1 prospective study [14] and 7 retrospective series [6, [15] [16] [17] [18] [19] [20] . Therefore, according to the GRADE system, all of the included studies were considered "low" or "very low" in quality. Abbreviations: IR, irradiation; IDC, invasive ductal carcinoma; DCIS, ductal carcinoma in situ; LOU, left outer upper; LIL, left inner lower; LOL, left outer lower; BCS, breast-conserving surgery; ALND, axillary lymph node dissection; SSQ, skin-sparing quadrantectomy; SLNB, sentinel lymph node biopsy; LHOFF, laparoscopically harvested omental free flap. * The patient had undergone mastectomy several years earlier; we expanded the chest skin with an expander at the first stage and then replaced it with a free omental flap. 
Technique evolution
The first report in English of breast reconstruction with an omental flap was published in 1977 [13] , followed by 3 articles, including 8 cases, that were reported in the following five years [11] [12] [13] . Since laparoscopic surgery was developed and popularized in the late 1980s, all these cases used laparotomy for pedicle omentum harvest. No serious surgery-related complications were reported. In addition, in 75% of these cases (6/8), the omental flap was used as a covering for a suitable silicone gel prosthesis and as a support for an overlying thick split skin graft in delayed breast reconstruction [11, 13] . Subsequently, the application of omental flaps in tissue repair was primarily reported in chest wall defect reconstruction but not breast reconstruction until 2001 [18] . In terms of publication time, Figure 2 reveals that the highest application rate of breast reconstruction with the large omentum occurred after the turn of the 21 st century.
Surgical technique and clinical application
The omentum harvest technique has undergone considerable refinement since 2001. Nearly all articles (10/12), including 359 patients, reported using laparoscopy instead of laparotomy. Moreover, a pedicle omental flap was the first choice for most surgeons, being used in 90.9% of all included cases (373/410), while only 5 articles (37/410) reported using a free omental flap for reconstruction. Furthermore, 96.6% of these omental-flap-based surgeries were immediate (396/410), while only 14 cases were delayed surgeries after mastectomy, of which 57.1% (8/14) were reconstructed with the omentum plus an implant or expander. We also found that 59.1% of all immediate reconstruction (234/396) cases occurred in BCS surgeries for partial tissue defect replacement, while 40.9% cases (162/396) were for total breast reconstruction and 12.3% (20/162) were accompanied by an implant or LD flap (Table 2 ). Since the tumour stage, location and postoperative treatment are also highly important determinants of the breast reconstruction strategy, these factors were also taken into account in this study (Table 3) . According to the available data, 19.6% of the cases were ductal carcinoma in situ (DCIS) (72/367), 77.9% were invasive breast carcinoma (286/367), and the rest were benign or precancerous lesions or congenital pathologies. Additionally, it seemed that the frequencies of different tumour locations were similar in patients undergoing omental flap reconstruction (outer upper quadrant, 36.3% (98/270); outer lower quadrant, 16.3% (44/270); inner upper quadrant, 22.2% (60/270); and inner lower quadrant, 23.0% (62/270)). Tumour size is also a key point in BCS. Almost all of the examined cases had small tumour burdens (T0/Tis/T1 59.8% (156/261); T2 36.8% (96/261)), and only 9 cases (9/261) had a tumour burden of T3 or higher. After surgery, most patients received radiotherapy (80%, 204/254) if necessary. Relevant complications were rarely reported, with marked, permanent size reduction being reported in only two cases [15] .
Cosmetic outcomes
Two early articles did not report cosmetic results [11, 13] , while almost all of the remaining articles achieved desirable cosmetic outcomes. Specifically, 83.9% of the identified cases (339/404) were evaluated as satisfactory, excellent or good, which indicates satisfactory bilateral symmetry ( Table  4 ). The main reasons for unsatisfactory cosmetic results included intraoperative flap necrosis, partial flap loss during convalescence and volume insufficiency [6, 15, 16] . Moreover, several articles reported that the omentum could be very firm after surgery [3] , which was also observed in this study, and there were temporary slight deformities after postoperative irradiation. Ultimately, however, those issues resolved on their own within several months without any intervention [6] . (5) 24 (100) BCS (24) 32 (6-51) LR (1)
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Complications and oncological safety
There were 41 complications identified in the 410 patients included (Table 4) . Partial graft necrosis accounted for 40% of all events (41.5%, 17/41), followed by skin necrosis (19.5%, 8/41), haematoma (12.2%, 5/41) and wound infection (9.8%, 4/41). Abdominal intervention-related complications occurred in 7 cases (17.1%), of which 3 were vascular injuries and 4 were abdominal hernias; notably, only two cases suffered from hernias with the laparoscopic technique (0.6%, 2/359), which was considerably lower than the herniation rate for laparotomy (4%, 2/51). The scarcity of patient complaints indicated good tolerance, with only one case demonstrating slight occasional stinging and four cases reporting epigastric discomfort. The duration of hospitalization varied greatly among studies (7.7-11.2 days), which may be due to some surgeons discharging patients only after completion of all treatments, including suture removal and drainage removal [9] .
Regarding oncological outcomes, there were 6 works with long follow-up results [ 3, 6, 15, 17, 19, 20] ; those studies reported only 3 cases of tumour recurrence in total (Table 3) , and all three cases occurred in the ipsilateral breast. Two of those cases were spared from radiotherapy after BCS, and both maintained disease-free survival after salvage surgery [15] . The other case was detected 6 months after surgery, and the patient passed away due to distant metastasis 5 months later [6] .
Discussion
The literature examining the use and outcomes of the omentum in breast reconstruction is poorly described and outdated, and the present study provides the most current and comprehensive review on the reconstruction of mastectomy defects using the omentum.
Although the abdominal and LD flaps remain the most widespread and conventional selections for oncoplastic surgeons, as they provide considerably large tissue volume, an appropriate breast reconstructive method for slim patients with small breasts still needs to be determined, especially in Western countries [21] . In our experience, most of these patients lack sufficient autologous abdominal tissue and are reluctant towards the idea of large scars at the donor site. Additionally, implant-based reconstruction is usually not the first choice for small and ptotic breasts. In such cases, the omental flap could be an optimal choice for autologous tissue reconstruction when skin is preserved.
The main advantages of the omental flap include great malleability, vascular reliability, high absorptive ability against hydrops, potential local immune function and, most importantly, minimal donor-site morbidity, including low risk of conspicuous scars, haematoma, seroma and dragging sensations [6, 9, 14, 22, 23] . In the present review, nearly 10% of cases were reported to have complications, but most of the complications were insignificant and did not require medical intervention. The most frequent local complication was partial flap necrosis (41.5%, 17/41), which usually appeared as hard nodules or indurations a few weeks after surgery and may have been due to fat necrosis [3, 6, 15] . In our experience, except for one case with serious infection that needed debridement, the patients all improved gradually with no cosmetic effects.
It is worth mentioning that in BCS, our data indicated that there were no selective differences in tumour location, and the cosmetic results were all acceptable. Medial-quadrant tissue defects, especially in the inner upper quadrant, which is known as 'no-man's land', are usually hard to reach with autologous tissue [24] but can be easily shaped by the omental flap as either a pedicle flap or a free flap. In our experience, a free omental flap, as opposed to a pedicle flap, can reach any part of the breast easily. For example, a free omental flap can reach the medial quadrant through a tunnel in the retro-mammary space with several stitches for fixation on the surrounding gland; furthermore, a free omental flap can repair axillary tissue defects very well after ALND ( Figure S2 ). Our systematic review showed that the thoracodorsal vessel, rather than the inner mammary vessel, was usually the first choice of donor vessel [3, 10, 15, 16] , since it is more familiar to the breast surgeon and easier to expose. Compared with the deep internal thoracic artery and thoracoacromial artery, the thoracic dorsal artery has a secluded location, stable anatomy, and similar diameter to the right artery of the stomach omentum, making it the usual first choice for us to perform anastomosis.
Although the omentum is easy to harvest, as it is a skinless flap, it was usually used in immediate breast reconstruction with skin-sparing surgery. Several surgeons thought the omentum was more suitable for BCS than for total breast reconstruction because of its undetermined volume. Neither body mass index nor radiological methods could provide precise information before surgery [6, 18, 25] . Zaha found that insufficiency could occur in more than 30% of the cases [15] . According to our systematic review, more than 40% (162/396) used the omentum for total breast reconstruction. This contradiction may be attributed to patient selection. In the largest case series reported to date, the author indicated that volume insufficiency could occur in partial reconstruction after BCS when the resection volume exceeds 200 g, and in certain very thin patients, the omentum could be less than 100 g [15] . According to the available data, the omentum weight of patients selected for breast reconstruction was almost 200-300 g [3, 9, 10, 15] , and in our experience, when perform total breast reconstruction with omentum, the breast volume should not exceeds 300g, which indicates patients with small breasts; and for partial tissue replacement, one should be careful if the estimated preoperative weight of the specimen is more than 300 g. with the above principle, in our reported 24 cases of pedicle omental breast reconstruction [6] and 7 cases free omental breast reconstruction, cosmetic results were almost satisfied and volume insufficiency have not happened.
Laparoscopy is considered an optimal method to evaluate the volume of the omentum, taking only 10-15 min and causing minimal wounding [3] . Moreover, we think it is important to have a thorough discussion with patients preoperatively regarding the inevitable use of implants or other autologous tissue, such as an LD flap, in cases of discrepant volume during operation. Furthermore, the data presented here reveal that only 3.4% of cases had delayed surgeries after mastectomy. Van Alphen et al. [3] reported three cases of LHOFF following mastectomy and used a subpectoral expander first to augment the skin, after which the expander was replaced with the omentum for reconstruction. In this study, we reported a similar case; this two-step strategy could be an ideal option for patients with breast ptosis and a small contralateral breast.
Concerning the oncological issue, several researchers have argued that adipocytes can stimulate the growth of breast cancer cells by increasing the local concentration of oestrogen, while some adipocytokines and the greater omentum may offer additional risks due to a high concentration of stem cells with great angiogenic potential [4, 26, 27] . However, this theory is not supported by the available clinical evidence. None of the individual researchers found an increased risk of cancer recurrence when the omentum was used for reconstruction. Here, there were only 2 cases of recurrence (0.48%) during median follow-up periods of 32 months [6] and 78 months [15] . In addition, the radiolucent nature of the omentum, compared with the surrounding breast parenchyma, makes it conducive to follow-up after surgery.
Conclusions
Compared with implant usage or other autologous flaps, the omental flap has unique advantages for breast reconstruction in certain circumstances. This flap can achieve a better aesthetic outcome than other sources of material, especially for total reconstruction of small breasts and tissue replacement after BCS. Furthermore, laparoscopic techniques offer low morbidity at the donor site. However, there are still several limitations to our findings, as most of the studies were non-randomized and only one work had a follow-up time of more than 5 years [15] ; consequently, further evidence is needed to establish the oncological safety of the procedure. Moreover, the problem of imprecise preoperational evaluation of the omental volume remains unsolved. Further studies are needed to assess the long-term safety of omental-flap-based breast reconstruction and to establish standard criteria for the procedure.
